The Red-billed Leiothrix Leiothrix lutea is distributed from the Himalayas south and east to Myanmar and southern China (Long 1981 (Eguchi & Masuda 1994; Tojo 1994) .
There is little data available on the behavior and life history of the Red-billed Leiothrix in the wild in Japan due to the difficulty of observing them in their favoured densely vegetated habitats. Determining the sex of birds in the field is another problem. It has been shown that even the presence of a brood patch is not a reliable indicator of sex because both males and females incubate (Ralph et al. 1998) . One method of sexing this species is by the difference in the shape of the cloacal region but this is only possible during the breeding season and detection requires some skill.
The Red-billed Leiothrix has a bright red bill, red and yellow patches on dark greyish-green wings and an orange throat. Bright plumage, in general, is used to attract mates (Moller 1994) and among passerines males are usually brighter than females. Even in species with little colour sexual dimorphism, colour patches are associated with mate choice (Norris 1990 ). In the Red-billed Leiothrix, the bright bill and colour patches are common to both sexes, however, individual differences in the brightness and size of colour patches were detected during our preliminary observations.
The aims of this study were: 1) to detect morphological sexual differences recognisable in the field, and 2) based on variations of individual traits, to examine which characteristics are related to sexual selection.
The study was conducted in the Ebino Plateau region of Miyazaki and Kagoshima Prefectures (31* 81'N, 130* 65' W) . Red-billed Leiothrix were captured with mist nets between April and August 1997 and 1998. Each bird was banded with two or three coloured plastic rings, and they were also measured body size(as follows (1)- (5), (12)) and the size of the colour patches ( (6)- (11)) was noted and blood sampleswere collected to aid molecular sexing. Each individual was measured according to Svensson (1992) with the exception of tail length, which was measured by placing the zero stop of a ruler onto the oil gland and reading the measurement at the tip of the tail.
We measured 12 characteristics of each bird: 1) maximum wing length, 2) tail length, 3) tarsus length, 4) total culmen, 5) depth of bill, 6) length of supercilium (measured from nostril to ear coverts), 7) length of throat patch (measured by extending the head very gently, and measuring the length of the yellowish patch from chin to breast, 8) width of throat patch (measured by gently gripping and stretching the head and measuring the maximum extension of the yellowish breast patch), 9) length of red wing patch (maximum measurement of the length of the red patch between the first and third primaries, 10) length of the yellow wing patch (maximum measurement of the length of the yellow patch between the first and third secondaries, 11) maximum width of the white tips to upper tail coverts, and 12) body weight.
Wing and tail measurements were made with a ruler to the nearest 0.5 mm, and other measurements were made with digital callipers to the nearest 0.01 mm. Body weight was determined to the nearest 0.1 g with a digital scale.
A small amount of blood (50-100 *l) was collected from each bird for molecular sexing, DNA was extracted using phenol-chloroform or an extracting kit (Gentle-kunTM (Takara Co.)). For standard sexing, we followed Ellegren's (1996) molecular sexing method, which is applicable to all avian taxa other than ratites (Struthioniformes) (Ellegren 1996) . Primers PCR 2945F and 3224R were used to amplify 630 base pair (bp) fragments in both sexes, and 2945F and cfR were used to amplify 210 bp that were sex-linked fragments. Amplified products were checked by electrophoresis in 1.6% agalose gel. Molecular sexing was applied to 1994) . Using "Mathematica 3.0" software we estimated the eigenvector and eigenvalue of the function, and used "Statview 4.5J" for parametric analysis.
We captured 78 individual Leiothrix in 1997 and 110 in 1998. Eighty-eight males and 33 females were sexed using the molecular sexing method and we have used these results in our analysis. Males were found to be significantly larger bodied ( (1), (2), (4), (5)) and to have larger colour patches ( (6), (9)- (11)) than females (see Table 1 ). We obtained three variables to maximise the ratio of within group variance/between group variance using Canonical discriminant analysis, these were wing length (WL), red wing patch (RP) and white tips of upper tail coverts (WT). These variables were not correlated mutually (WL, RP: rmale -0.100, rfemale = 0.239, WL, WT: re = 0.228, rfemale = "0.035, RP, WT: rmale = 0.152, rfemale = 0.209; Bartlett sphericity tests: female: x 2 = 3.680, df -5, P = 0.593, and male: x 2 -6.482, df -5, P = 0.2 12), and satisfied equality of population covariation (x2 -18.55, df = 6 , P<0.005).
The Canonical discriminant function is given as following equation: Z = 0.091WL+0.236RP+0.967 Eigenvalue was 0.806 (O 2 = 31.9202, P<0.005); significantly different between sexes. Fig. 1 . Distribution of the discriminant scores for 33 female and 80 male birds. The eigenvalue was 0.806 (O2 = 31.920, P <0.005), and, thus, Z differed significantly between sexes.
The error rate of discrimination was 18.8% ( = 15/80) for males, 9.1% (= 3/33) for females, and 15.9% ( = 18/113 ) for both sexes combined (see Fig. 1.) . Due to imperfect age determination, some immature individuals may have been included in samples; there was a higher error rate of discrimination among males.
Because there was no significant correlation between wing length and colour wing patch size within each sex, differences in coloured wing patches were less influenced by those of wing length. Additionally, measurements of coloured wing patches showed larger coefficients of variation than those of ordinary traits such as wing length (Table 1 ) and contributed to discriminate sex. It is known that ordinary characters, such as wing length, have small coefficients of variation (Grant & Price 1981; Alatalo et al. 1988) , while secondary sexual characters have large coefficients of variation over 0.1 (Alatalo 1984; review in Moller & Pomiankowski 1993) . Ordinary morphological traits are generally subject to strong stabilizing selection; in contrast secondary sexual traits are subject to both stabilizing selection and strong directional sexual selection (Moller 1994) . Moreover, under directional selection for larger coloured wing patches in males, CVs of secondary characters of males will be smaller than those of females.
Our results suggest that the brightly coloured wing patches of the Red -billed Leiothrix are secondary sexual traits. There is also the possibility that females prefer larger wing patches on males, and that males with the largest and brightest wing patches are preferentially selected. Furthermore, among birds living in dark habitats (Phylloscopus species and Regulus regulus), individual inter-and intra-specific communication by means of plumage patterns has been suggested (Marchetti 1993) . Because the Red-billed Leiothrix also prefers dark and densely vegetated habitats, coloured wing patches might be used for signalling during courtship displays.
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